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formation; processing a subset of the rendering results,
the subset corresponding to the identified partial region
of the computer image; and transmitting, at a particular
time, the processed subset of the rendering results to the
client terminal via the communication channel.

130‘\
130'1 ~N
Rendering N
o Engine v
Syncld 24fps
110~ 120~ 1302~ _ 140~
Client = Dispatch > ReErr]félerr].g]g &) » Merger |—
‘ 24fps
1303~
Rendering N
i Engine V4
24fps
)
v
24fps
FIG. 1

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 770 858 A1 2

Description
CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] Pursuantto 35 U.S.C. § 119(e), this application
claims the benefit of U.S. Provisional Patent Application
No.62/878,685, filed July 25, 2019, the contents of which
are hereby incorporated by reference herein in its entire-

ty.
BACKGROUND

[0002] A computer-generated animation is typically
created by rendering a sequence of images, with each
image depicting a computer-generated scene composed
of one or more computer-generated assets (e.g., a char-
acter, a group of characters, an environment, an effect,
or a lighting rig). During an interactive session for ren-
dering a scene, an artist may use one or more tools to
change aspects or conditions of the scene. For example,
a lighting artist may use a lighting tool to change condi-
tions of the scene. According to the changes initiated by
the artist, each of one or more rendering engines may
render an image depicting the scene and send interme-
diate snapshots of the rendering results to a front-end
client. These intermediate snapshots may be sent at par-
ticular time intervals. The front-end client controls a dis-
play of the snapshots, e.g., at a monitor. The artist may
then evaluate progressive results of the changes that he
or she had initiated, as the scene is rendered.

[0003] Rendering a computer graphics image at high
resolution and complexity may be computationally ex-
pensive. For example, an artist may view such images
at a front-end client (e.g., computer workstation). If com-
putational work for rendering the images is performed
only at the computer workstation being used by the artist,
the speed of rendering is limited by the computational
power of that workstation. To improve computational
speed relating to rendering images, one or more back-
end rendering engines (e.g., back-end farm computers)
may be employed in the rendering process. In this situ-
ation, results of rendering an image are sent to the front-
end client, e.g., over a communication interface. This
may accelerate the presentation of rendered images at
the front-end client, so that the artist is able to view, more
quickly, results of changes he or she had initiated.

SUMMARY

[0004] With respect to various embodiments disclosed
herein, features are described forimproving performance
with respect to communication bandwidth limitations (or
preferences) associated with a front-end client. Alterna-
tively (orin addition), features are described forimproving
performance with respect to buffering capabilities asso-
ciated with a front-end client.

[0005] Aspects of the present disclosure are directed
to a system for multi-machine rendering. According to
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various embodiments, a more safe and stable transmis-
sion of data can be facilitated. For example, one or more
data transmissions are controlled to adhere more closely
to a target bandwidth (e.g., a user-defined bandwidth),
while still attempting to maximize (or at least increase)
network resource efficiency. According to various em-
bodiments, a shorter latency can be achieved for inter-
active lighting sessions, thereby providing a better near-
real-time experience for an artist at the front-end client.
[0006] Although features of embodiments of the
present invention may be described, for purposes of il-
lustration, within the context of an interactive lighting ses-
sion in a computer animation environment, it is under-
stood that described features are by no means limited to
this context and may be applied in other contexts within
the computer arts.

[0007] According to a first aspect of the present inven-
tion, there is provided a computer-implemented method
of transmitting rendering data of a computer image to a
client terminal via a communication channel which in-
cludes:receiving rendering results ofthe computerimage
from at least one computer of a plurality of computers;
identifying a partial region of the computer image based
on transmission information; processing a subset of the
rendering results, the subset corresponding to the iden-
tified partial region of the computer image; and transmit-
ting, at a particular time, the processed subset of the
rendering results to the client terminal via the communi-
cation channel.

[0008] In some embodiments of the first aspect of the
invention, the transmission information comprises infor-
mation regarding data size of one or more prior trans-
missions to the client terminal via the communication
channel; and identifying the partial region comprises
identifying the partial region based on the information
regarding the data size of the one or more prior trans-
missions.

[0009] The identified partial region may comprise at
least one tile of the computer image.

[0010] Identifying the partial region of the computerim-
age may be further based on a user request to adjust a
data size of an upcoming transmission to the client ter-
minal.

[0011] Processing the subset of the rendering results
may comprise merging the subset of the rendering re-
sults.

[0012] In some embodiments of the first aspect of the
invention, rendering results other than the subset of the
rendering results are not processed, and are not trans-
mitted at the particular time.

[0013] In some embodiments of the first aspect of the
invention, receiving the rendering results comprises re-
ceiving rendering results corresponding to a particular
change request from a user; and the processed subset
oftherendering results is transmitted to the client terminal
in response to receiving the rendering results corre-
sponding to the particular change request.

[0014] In yet further embodiments of the first aspect of
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the invention, receiving the rendering results comprises
receiving first rendering results and second rendering re-
sults, the first rendering results being for a first arbitrary
output value (AOV) layer and the second rendering re-
sults being for a second AOV layer; and based on display
of the first AOV layer at the client terminal, processing
the subset of the rendering results comprises prioritizing
the first rendering results over the second rendering re-
sults.

[0015] In some embodiments of the first aspect of the
invention, processing the subset of the rendering results
comprises processing a subset of the first rendering re-
sults and processing a subset of the second rendering
results, the subset of the first rendering results and the
subset of the second rendering results both correspond-
ing to the identified partial region of the computer image;
and based on display of the first AOV layer at the client
terminal, transmitting the processed subset of the ren-
dering results to the client terminal comprises transmit-
ting the subset of the first rendering results according to
afirstfrequency and transmitting the subset of the second
rendering results according to a second frequency that
is lesser than the first frequency.

[0016] The datasize of the firstand second AQOV layers
may be configured to be adjustable by the client terminal.
[0017] The method of the first aspect of the invention
may comprise storing a data size of the processed subset
of the rendering results and the particular time at which
the processed subset of the rendering results is trans-
mitted.

[0018] In some embodiments of the first aspect of the
invention, identifying the partial region of the computer
image is further based on a bandwidth limitation of the
communication channel. In some further embodiments
of the first aspect of the present invention, the bandwidth
limitation of the communications channel is configured
to be autonomously adjusted.

[0019] According to a second aspect of the present
invention, there is provided a machine-readable non-
transitory medium which stores thereon machine-exe-
cutable instructions for transmitting rendering data of a
computer image to a client terminal via a communication
channel. The instructions include: receiving rendering re-
sults of the computer image from at least one computer
of a plurality of computers; identifying a partial region of
the computer image based on transmission information;
processing a subset of the rendering results, the subset
corresponding to the identified partial region of the com-
puter image; and transmitting, at a particular time, the
processed subset of the rendering results to the client
terminal via the communication channel. It is to be ap-
preciated that where applicable, this aspect of the inven-
tion may be combined with any of the modifications de-
scribed above with respect to the first aspect of the in-
vention.

[0020] Accordingto a third aspect of the presentinven-
tion,, there is provided a computer system for transmitting
rendering data of a computer image to a client terminal
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via a communication channel is disclosed. The system
includes one or more controllers configured to: receive
rendering results of the computerimage from atleastone
computer of a plurality of computers; identify a partial
region of the computer image based on transmission in-
formation; process a subset of the rendering results, the
subset corresponding to the identified partial region of
the computer image; and provide, at a particular time,
the processed subset of the rendering results for trans-
mission to the client terminal via the communication
channel. It is to be appreciated that where applicable,
this aspect of the invention may be combined with any
of the modifications described above with respect to the
first and second aspects of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other aspects and features of
the present disclosure will become more apparent upon
consideration of the following description of embodi-
ments, taken in conjunction with the accompanying fig-
ures.

FIG. 1 is a block diagram illustrating operation by a
plurality of rendering processes according to least
one embodiment.

FIG. 2 is ablock diagram illustrating selection of par-
ticular data for delivery to afront-end client according
to at least one embodiment.

FIGs. 3(a)and 3(b)illustrate an example of selection
of partial regions of an image according to at least
one embodiment.

FIG. 4 is a graph illustrating example quantities of
data delivered to the front-end client over time, ac-
cording to the example of FIGs. 3(a) and 3(b).

FIG. 5 illustrates a flowchart of a method of trans-
mitting rendering data of a computerimage to a client
terminal via a communication channel according to
at least one embodiment.

FIG. 6 is an illustration of a computing environment
according to at least one embodiment.

FIG. 7 is a block diagram of a device according to at
least one embodiment.

DETAILED DESCRIPTION

[0022] In the following detailed description, reference
is made to the accompanying figures which form a part
hereof, and which show by way of illustration specific
embodiments of the present invention. It is to be under-
stood by those of ordinary skill in the technological field
of computer animation and other computer modeling ap-
plications that other embodiments may be utilized, and
that structural, electrical, as well as procedural changes
may be made without departing from the scope of the
present invention. Wherever possible, the same refer-
ence numbers will be used throughout the drawings to
refer to the same or similar parts.
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[0023] The following descriptionis presented to enable
a person of ordinary skill in the art to make and use the
various embodiments. Descriptions of specific devices,
techniques, and applications are provided only as exam-
ples. Various modifications to the examples described
herein will be readily apparent to those of ordinary skill
in the art, and the general principles defined herein may
be applied to other examples and applications without
departing from the spirit and scope of the present tech-
nology. Thus, the disclosed technology is not intended
to be limited to the examples described herein and shown
butis to be accorded the scope consistent with the claims.
[0024] For descriptive purposes, throughout this dis-
closure, software, software modules, software objects,
and the like may be described as performing various func-
tions. One of ordinary skill in the art, however, will rec-
ognize that software may not actively perform any func-
tion and instead may include instructions that are exe-
cutable on a computer processor. As such, although soft-
ware may be described herein as performing a function,
it should be appreciated that a computer processor or
other computing device may typically perform those func-
tions attributed herein to software modules or objects by
executing computerinstructions provided by the software
modules or objects.

[0025] With reference to FIG. 1, during an interactive
rendering session, a client (e.g., front-end client 110) pro-
vides inputs (e.g., input scene description, or scene up-
date information) to a dispatch 120. The inputs may in-
clude, e.g., changes initiated by an artist. For example,
the changes may be provided during the session, which
may be an interactive lighting session. One or more
changes initiated at or around a particular time may cor-
respond to a unique value of an identifier (e.g., syncld).
[0026] For a particular syncld, the dispatch 120 pro-
vides the inputs to each of a plurality of rendering engines
130. The rendering engines 130 may begin rendering
when a scene is updated by the artist, and the underlying
changes are provided to the rendering engines via the
dispatch 120. Theoretically, different rendering engines
130 would provide the rendering results of the exact same
scene based on data corresponding to a same syncld.
[0027] The rendering engines 130 may reside on one
or more hosts that are separate from the front-end client
110. For example, the rendering engines 130 may all
reside on different hosts (e.g., different remote comput-
ers). The inputs are collectively processed by the ren-
dering engines 130. According to at least one embodi-
ment, the rendering engines 130 are independent entities
that may be employed to collectively render a single (or
same) image.

[0028] Each of the rendering engines 130 generates
results. For example, different rendering engines 130
may provide results for different pixels. As another ex-
ample, according to at least one embodiment, different
rendering engines 130 may, at or around a particular
time, provide results for a same pixel. At a given time,
results generated by the rendering engines 130 are proc-
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essed (or merged, e.g., by a merger 140) to produce a
processed (e.g., merged) result. For example, at a par-
ticular interval (e.g., an artist-selected interval, such as
24 times per second), each rendering engine 130 pro-
vides its results to the merger 140. As illustrated in FIG.
1, each rendering engine 130 may provide results at a
frequency of 24 times per second. However, it is under-
stood that this frequency may vary.

[0029] The merger 140 combines the results from the
rendering engines 130 into a single image for display.
The merged result is provided to the front-end client 110
(or saved in storage for later viewing). As illustrated in
FIG. 1, the merger 140 provides the merged result at a
frequency of 24 times per second. However, it is under-
stood that this frequency may vary. The front-end client
110 may control a display, e.g., an external monitor, to
display snapshots of the merged result. As such, the artist
may evaluate progressive results of the changes that he
or she had initiated. From the perspective of the artist,
progressive results may appear to be displayed in near
real-time.

[0030] If sufficiently large amounts of data (e.g., large
data packets) are generated by the merger 140 and sent
to the front-end client 110, the performance of the front-
end client (or receiver) may suffer. For example, as the
amount of data that is sent increases, the process of de-
livering rendered images may slow, and may cause the
front-end client 110 and/or the merger 140 to freeze, or
even crash.

[0031] As another example, as the number of render-
ing engines (e.g., rendering engines 130) increases, the
volume of data that is sent from the merger 140 to the
front-end client 110 may also increase. Ultimately, the
merger 140 may not be able to communicate with the
front-end client 110 without exceeding bandwidth limita-
tions or related preferences associated with a communi-
cation channel located between the merger 140 and the
front-end client 110, and/or without exceeding buffering
capabilities associated with the front-end client 110.
[0032] Aspects of the present disclosure are directed
to adjusting (e.g., dynamically adjusting) a quantity or
size of data that is sent from a merge process (e.g., merg-
er 140) to a client (e.g., front-end client 110). For exam-
ple, the quantity of data that is sent at one or more par-
ticular times may be controlled. According to particular
aspects of the present disclosure, data generation logic
is controlled to facilitate safer and/or more robust transfer
of data sent by multiple rendering engine processes and
the merge process - e.g., during the course of an inter-
active lighting session.

[0033] One or more aspects of the present disclosure
are directed to reducing latency. For example, if a merge
process receives, from a rendering engine, a rendering
result that is associated with a new (or recent) syncld,
then this result is sent from the merge process to the
client. In an aspect, this result may be sent without waiting
forany of the other rendering engines to send a rendering
result (e.g., data packet) associated with the new syncld.
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As such, an artist-initiated change to the scene results
in a return of rendering results (e.g., pixels) from the
merger 140 as soon as a particular rendering engine re-
turns such results. This decreases the latency experi-
enced (or sensed) by the artist between the time that a
change is initiated and the time that rendering results are
made available for viewing.

[0034] For example, a particular scenario will now be
described with reference to FIG. 1. At a particular time,
data of a scene corresponding to a particular syncld (e.g.,
a syncld having a value of 100) is provided to rendering
engine 130-1, rendering engine 130-2 and rendering en-
gine 130-3. Subsequently, data of a scene corresponding
to a different syncld (e.g., a syncld having a value of 101)
is provided to rendering engine 130-1, rendering engine
130-2 and rendering engine 130-3. Afterwards, only a
particular rendering engine (e.g., rendering engine
130-1) provides results for data corresponding to the syn-
cld of 101. At this time, no other rendering engine (e.g.,
neither rendering engine 130-2 nor rendering engine
130-3) has provided results for data corresponding to the
syncld of 101. Rather, the most recent results from ren-
dering engine 130-2 and rendering engine 130-3 are for
data corresponding to the syncld of 100.

[0035] In this scenario, according to at least one em-
bodiment, the merge process (e.g., merger 140) sends,
to the client (e.g., front-end client 110), the results re-
ceived from rendering engine 130-1. These results are
sent to the client without waiting for another rendering
engine (e.g., rendering engine 130-2 and/or rendering
engine 130-3) to provide results for data corresponding
to the syncld of 101. Accordingly, latency is reduced, in
that results are provided to the artist earlier in time.
[0036] According to at least another aspect, all results
that are received from the rendering engines (e.g., ren-
dering engines 130) are independently managed inside
the merge process (e.g., merger 140). Forexample, each
received data packet is updated independently and in
parallel. Regarding results corresponding to a particular
syncld, results that are independently received from the
rendering engines are merged into a single image at a
user defined interval (e.g., 24 times per second). The
merged image is then sent to the front-end client.
[0037] According to atleast one aspect, the merge op-
erationis performed on only a partial region (e.g., a partial
spatial region) of animage, and not the entire image itself.
As such, rendering results corresponding only to the par-
tial region of the image are sent to the client at a particular
time. According to at least one embodiment, results cor-
responding to multiple partial regions are sent to the client
over multiple times (or steps). As such, results that cover
(or span) a whole image are sequentially sent over mul-
tiple times (or steps). According to at least one embodi-
ment, the size or quantity of data that is sent to the client
at a particular time may be controlled by changing the
size of a corresponding partial region.

[0038] FIG. 2 is a block diagram illustrating selection
of particular data for delivery to a front-end client accord-
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ing to at least one embodiment.

[0039] IntheexampleofFIG.2,animage 200isdivided
into 4 non-overlapping regions (regions A, B, C and D).
According to at least one embodiment, at a particular
time, a merge process (e.g., merger 140) operates on
only a selected partial region of the image 200. For ex-
ample, the merge process operates on only one of the
non-overlapping regions illustrated in FIG. 2. For exam-
ple, at a particular time, the merge process operates on
only rendering results (e.g., received from rendering en-
gine 130-1, rendering engine 130-2 and/or rendering en-
gine 130-3) corresponding to region A. At this time,
merged results corresponding to region A are sent. In
contrast, merged results corresponding to regions B, C
and/or D are sent at one or more other times.

[0040] In particular situations (e.g., situations involving
interactive lighting sessions), updates of an entire image
(e.g., the entire image 200) are not necessarily required
at every time (e.g., at every user-defined interval). For
example, for typical purposes of an interactive lighting
client, it may be sufficient to provide an update of the
entire image over a reasonably brief period of time. Ac-
cording to one or more aspects of the present disclosure,
visual updates are provided to the artist via a front-end
client, while, e.g., staying within (or more closely adhering
to) constraints associated with the bandwidth of a com-
munication channel located between a merge process
(e.g., merger 140) and the front-end client (e.g., front-
end client 110).

[0041] According to a further aspect, the merge proc-
ess records (or stores) the size of data (corresponding
to a respective partial region) that is sent at each time
within a particular period. The merge process may use
such information to track changes in use of the commu-
nication channel over time and/or to improve usage of
the communication channel at one or more upcoming
times.

[0042] The sending of data corresponding to partial re-
gions of an image will now be described in more detail
with reference to FIGs. 3(a) and 3(b). FIGs. 3(a) and 3(b)
illustrate an example of selection of partial regions of an
image according to at least one embodiment. The partial
regions are selected tofacilitate delivery of data to a front-
end client over time. The corresponding use of the com-
munication channel (e.g., between a merge process and
the front-end client) will be described in more detail with
reference to FIG. 4. FIG. 4 illustrates example quantities
of data delivered to the front-end client over time, accord-
ing to the example of FIGs. 3(a) and 3(b).

[0043] FIG. 3(a)illustrates animage 300 that is divided
(or partitioned) into tiles 302. Each tile 302 is composed
of m-by-n pixels of the image 300. According to at least
one embodiment, m is equal to n, such that each tile 302
corresponds to a square region of pixels. For example,
each tile 302 may be composed of 8-by-8 pixels.
[0044] FIG. 3(b) illustrates selection of partial regions
of the image 300. Each region illustrated in FIG. 3(b) is
composed of corresponding tiles 302 that are illustrated
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in FIG. 3(a). For example, FIG. 3(b) illustrates selection
ofaregion 0. The region 0 is composed of corresponding
tiles 302 that are illustrated in FIG. 3(a). FIG. 3(b) also
illustrates selection of region 1, region 2, region 3, region
4, region 5 and region 6. Similar to the region 0, each of
these additional regions is composed of corresponding
tiles 302 that are illustrated in FIG. 3(a)

[0045] At a particular time (e.g., time t=0), data (e.g.,
results produced by rendering engines) corresponding
to the tiles 302 that are located in the region O are merged
and sent to the front-end client. As illustrated in the graph
of FIG. 4, a corresponding quantity of data is sent to the
client at time t=0.

[0046] In contrast, data corresponding to the tiles 302
that are not located in the region 0 are not merged (e.g.,
by the merger 140) and are not sent to the front-end client.
Accordingly, a workload (e.g., of the merger 140) is re-
duced. Also, bandwidth usage (e.g., of a communication
channel leading to the front-end client) is reduced. Re-
garding the regions for which data are neither merged
nor sent (e.g., regions of the image 300 that are outside
of the region 0), according to at least one embodiment,
the merger 140 may receive the data from the rendering
engines (e.g., rendering engines 130-1, 130-2 and
130-3). The received data may be stored, e.g., by updat-
ing a local database. However, the received data is not
further processed.

[0047] Similarly, at a subsequent time (e.g., time t=1),
data (e.g., merged rendering results) corresponding to
the tiles 302 that are located in the region 1 is sent to the
front-end client. As illustrated in FIG. 4, a corresponding
quantity of data is sent to the client at time t=1. As shown
in FIG. 3(b), region 1 is smaller than region 0. As such,
relative to region 0, region 1 is composed of a fewer
number of tiles. Therefore, FIG. 4 illustrates that the sam-
ple quantity of data that is sent to the front-end client at
time t=1 is smaller than the quantity of data that was sent
to the client at time t=0.

[0048] In contrast, data corresponding to the tiles 302
that are not located in the region 1 are not merged (e.g.,
by the merger 140) and are not sent to the front-end client.
Accordingly, a workload (e.g., of the merger 140) is re-
duced. Also, bandwidth usage (e.g., of a communication
channel leading to the front-end client) is reduced. Re-
garding the regions for which data are neither merged
nor sent (e.g., regions of the image 300 that are outside
of the region 1), according to at least one embodiment,
the merger 140 may receive the data from the rendering
engines (e.g., rendering engines 130-1, 130-2 and
130-3). The received data may be stored, e.g., by updat-
ing a local database. However, the received data is not
further processed.

[0049] Similarly, at a subsequent time (e.g., time t=2),
data (e.g., results produced by rendering engines) cor-
responding to the tiles 302 that are located in the region
2 are merged and sent to the front-end client. As illus-
trated in the graph of FIG. 4, a corresponding quantity of
data is sent to the client at time t=2. As shown in FIG.
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3(b), region 2 is larger than both region 0 and region 1.
As such, relative to both region 0 and region 1, region 2
is composed of a larger number of tiles. Therefore, FIG.
4 illustrates that the sample quantity of data that is sent
to the front-end client at time t=2 is larger than the re-
spective quantities of data that were sent to the client at
times t=0 and t=1.

[0050] In contrast, data corresponding to the tiles 302
that are not located in the region 2 are not merged (e.g.,
by the merger 140) and are notsentto the front-end client.
Accordingly, a workload (e.g., of the merger 140) is re-
duced. Also, bandwidth usage (e.g., of a communication
channel leading to the front-end client) is reduced. Re-
garding the regions for which data are neither merged
nor sent (e.g., regions of the image 300 that are outside
of the region 2), according to at least one embodiment,
the merger 140 may receive the data from the rendering
engines (e.g., rendering engines 130-1, 130-2 and
130-3). The received data may be stored, e.g., by updat-
ing a local database. However, the received data is not
further processed.

[0051] Similarly, at subsequent times t=3, t=4, t=5, da-
ta (e.g., results produced by rendering engines) corre-
sponding to the tiles 302 that are located in the regions
3,4 and 5, respectively, are merged and sent to the front-
end client. According to at least one embodiment, a next
partial region (e.g., region 6) is selected based on past
information regarding partial region data size and trans-
mission times. According to at least one particular em-
bodiment, the size of region 6 may be selected so as to
better utilize the communication channel (e.g., between
a merge process and the front-end client). For example,
the size of region 6 is selected so as to utilize the com-
munication channel without exceeding the (then-exist-
ing) entire bandwidth (or a user-defined bandwidth) of
the communication channel. In this regard, an estimate
of the bandwidth may be determined based on past in-
formation regarding partial region data size and trans-
mission time. Based on this estimate, the size of region
6 is selected in order to result in a best (or more optimal)
quantity of data that is to be transmitted at time t=6.
[0052] For example, with reference to FIG. 3(b), data
corresponding to the tiles 302 that are located in region
6 are to be sent at time t=6. The size of region 6 may be
selected so as to fully utilize the (then-existing) entire
bandwidth (or a user-defined bandwidth) of the commu-
nication channel. Here, an estimate of the bandwidth may
be determined based on the past information corre-
sponding to times t=0, 1, 2, 3, 4, 5 (see, e.g., the corre-
sponding quantities of data that are illustrated in FIG. 4).
The size of region 6 is selected in order to result in a best
(or more optimal) quantity of data, as illustrated in FIG.
4. In at least one aspect, the size of region 6 is selected
so as to utilize the communication channel without ex-
ceeding the entire bandwidth that is available to or de-
fined by the user.

[0053] As described earlier with reference to FIG. 1,
results that are independently received from the render-
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ing engines may be merged into a single image at a con-
stant interval that is defined by a user (e.g., 24 times per
second, or 24 frames per second). By controlling the siz-
es of partial regions according to embodiments of the
present invention (see, e.g., the example illustrated in
FIGs. 3(b) and 4), a communication bandwidth may be
utilized without exceeding one or more associated limi-
tations or constraints, in order to more stably converge
on the user-defined update interval. As such, the likeli-
hood that data transmissions will overwhelm the commu-
nication channel and/or the front-end client is reduced.
Features described with reference to various embodi-
ments can be applied, more generally, to tailor the use
of a communication channel for any of various processes
over any of various connections.

[0054] For example, particular features have been de-
scribed with reference to communication between the
merge process (e.g., merger 140) and the front-end client
(e.g., front-end client 110). However, itis understood that
such features may also be applied to communication be-
tween the rendering engines (e.g., rendering engines
130) and the merge process (e.g., merger 140). For ex-
ample, features that have been described with reference
to partial regions (see FIGs. 2, 3(a), 3(b) and 4) may be
applied to control the quantities of data that are commu-
nicated from the rendering engines to the merge process.
[0055] In various embodiments, the render process
sends data packets to the merge process using the partial
region organization that has been described. From the
perspective of the client, rendering of the image occurs
independent of any sending region. For example, a data
packet is still sent from the render process at every user-
defined interval. Over multiple sending iterations, an en-
tire render result is eventually sent to the merge process.
Render operations and send operations are executed
independently and in parallel inside the render engine
process (as a separate thread). Adjustments of the send-
ing region and timing need notimpact the rendering main
logic. As such, render performance may be kept at (or
near) maximal levels.

[0056] The rendering results described earlier, e.g.,
with reference to FIG. 1, may be information regarding a
particular Arbitrary Output Value (AOV) layer (or AOV
channel). According to at least one embodiment, infor-
mation regarding a single rendered image includes sev-
eral AOV layers (e.g., tens of AOV layers). Generally
speaking, images produced by cameras (e.g., a digital
camera) may include only such a single AOV layer (e.g.,
color information).

[0057] Unlike such devices, renderers such as render-
ing engines 130 produce, for each pixel, various detail
information for other AOV layers. For example, the ren-
dering engines 130 may produce information other than
(or in addition to color information), and the information
thatis to be saved as part ofimage data may be specified
by a user. Such information can be classified as AOV
layers or channels. By way of example, apart from color
information, different AOV layers may include informa-
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tion pertaining to alpha, object ID, surface normal, illumi-
nation coming from diffuse lighting, illumination coming
from transparency, illumination coming from reflection,
illumination coming from a particular light, UV tangents,
world space position of the surface point, etc.

[0058] Due to constraints of current-day monitor tech-
nology, during an interactive rendering session, an artist
is able to view only a single AOV layer at a given time.
However, itis appreciated that, if technological advances
allow multiple AOV layers to be displayed concurrently,
then features that are described herein with reference to
various embodiments may also apply to such situations.
[0059] According to one or more aspects, the specific
AQV layer that is being viewed by the artist is prioritized
with respect to consumption of communication-channel
bandwidth, e.g., between the merge process and the
front-end client. For example, identification of the AOV
layer that is being viewed by the artist may be provided
to the rendering engines and the merge process. Accord-
ingly, when the artist updates the AOV layer being viewed
at the front-end client, then the updated AOV layer may
be assigned a higher level of priority with respect to con-
sumption of bandwidth by the rendering engines and the
merge process. Even though the artist may ultimately
prefer that all AOV layers be returned to the front-end
client, prioritizing the return of only a specific AOV layer
may be acceptable at a specific time because the artist
is typically making decisions (e.g., regarding lighting
changes) based on the specific AOV layer that is being
viewed at that time. Therefore, if eventual consistency is
acceptable to the artist, then prioritizing the AOV layer
thatthe artistis viewing (e.g., at earlier stages) is feasible.
[0060] Prioritizing the AOV layer being viewed may be
feasible for additional reasons. These additional reasons
arerelated to the nature of the artist workflow and/or char-
acteristics of current ray-trace renders.

[0061] First, the workflow is centered around an artist
making changes to a scene and then evaluating the re-
sults of those changes based on the effect(s) that the
changes have on the rendered image. Large (or more
substantial) changes may be made early on as an artist
begins work on a scene. For example, the artist may
make such changes relatively frequently. Each of these
changes corresponds to a respective new syncld value.
During this early stage, the artist may be interested only
in the AOV layers being viewed and may not necessarily
be interested in viewing results for all AOV layers.
[0062] As aresult, when a new syncld is received, the
rendering engines may quickly spread single samples
over many pixels of the image in an effort to more quickly
return an overall impression of how the scene appears
based on the new artist-driven changes. Accordingly,
large sections of the image may be changing quickly, and
the communication channel may be strained. In progres-
sive rendering, the interactive rendering process then it-
erates over the image again, progressively sending more
samples into pixels with each iteration, until an iteration
is reached in which artist-defined stopping conditions are
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met.

[0063] Second, as the artist refines the changes (e.g.,
lighting and scene changes) and the rendered scene ap-
proaches a final desired appearance, the rate at which
the artist initiates changes to the scene may slow. Here,
the artist may be more patient in waiting for the rendering
engines to send more samples to pixels and therefore
refine the quality of the image, before further changes
are made.

[0064] As a result, the rendering engines may be
spending more time refining fewer pixels with each iter-
ation that the artist waits for increased sampling (e.g.,
due to the progressive rendering). Consequently, fewer
pixels will change, thereby decreasing the quantity of da-
ta produced by changes to the AOV layer being viewed
at each update cycle. The reduction in the consumption
of bandwidth by that specific AOV layer leaves more
bandwidth for the transmission of the non-viewed AOV
data (e.g., queued non-viewed AOV data) that could not
be sent earlier.

[0065] According to atleast one embodiment, an AOV
layer being viewed is given priority over AOV layers that
are not being viewed. Data of AOV layers that are not
being viewed may be sent after data of an AOV layer that
is being viewed has already been sent.

[0066] Forexample, animage being rendered may in-
clude 20 AOV layers. Here, the image includes an 8x8
tile (64 pixels) that may be approximately 15Kb in size if
it mainly includes triplets of single-precision float data.
Upon sending packets for such an image, it may be de-
termined that, at the 24fps rate, only about 2Kb of data
can be sent at each interval. If the artist is viewing an
AOQV layer that amounts to only 1.5Kb of data at each
interval (or cycle), then all of the data for the AOV layer
being viewed may be sent. The remaining bandwidth of
0.5Kb may be occupied by one or more AQOV layers not
being viewed. In this situation, the artist sees more rapid,
low-latency updates for the AOV layer being viewed,
while data for non-viewed AOV layers are provided to
the front-end client ata higher latency. During a particular
send cycle, any portions of AOV data that are not sent
may be queued and saved for transmission during a sub-
sequent cycle. According to at least one embodiment,
once a new syncld is detected, queued results may be
flushed because the detection of the new syncld indi-
cates that the artist has changed the scene (again) and
has requested a new render based on modified scene
settings.

[0067] Although itis understood that specifically shap-
ing the size of packets is possible, for purposes of expe-
diency and/or reduced computation loads, according to
at least one embodiment, the transmission intervals for
specific AOV packets are adjusted.

[0068] Forexample, each AOV layer may have its own
independent interval with respect to the sending of up-
dates. An AQV layer that is currently being viewed by an
artist may be set at a high (or relatively high) frequency.
As such, updates regarding this AOV layer will be peri-
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odically provided at correspondingly short (or relatively
short) intervals or time spans. Therefore, this AOV layer
will update at a high rate. In comparison, AOV layers that
are not being viewed may be set to a low (or relatively
low) frequency. As such, updates regarding such AOV
layers will be periodically provided at correspondingly
long (or relatively long) intervals. Therefore, such AOV
layers will update at a low rate. If a particular AOV layer
is set to a sufficiently low frequency (i.e., a sufficiently
longinterval), then updates regarding this AOV layer may
effectively be stopped (or preempted). Once the render-
ing of an image is completed, then updates regarding all
AOQV layers may be sent regardless of their set intervals
or frequencies.

[0069] Itis appreciated that particular AOV layers that
are not being viewed may create a data backlog that may
be substantial. According to at least one embodiment, if
the artist is comparing 2 or more layers and switching
back-and-forth between these layers relatively frequent-
ly, then the 2 or more layers can be set at a similarly high
rate of update. Here, the region of the image that is up-
dated may be reduced in size (e.g., to offset an increase
in bandwidth consumption that is caused by reporting 2
or more layers). According to at least one further embod-
iment, controls (e.g., controls that may be set by an artist)
are provided, to reduce or increase an AOV data size
output rate.

[0070] Aspects directed to a system for multi-machine
rendering have been described. According to various em-
bodiments, a more safe and stable transmission of data
can be facilitated. For example, the data transmission
can adhere more closely (e.g., limit itself) to a user-de-
fined bandwidth, while still attempting to maximize (or at
least increase) network resource efficiency. According
to various embodiments, a shorter latency can be
achieved for interactive lighting sessions, thereby pro-
viding a better near-real-time experience for the artist at
the front-end client.

[0071] For purposes of description, various aspects
have been described with reference to a single merge
process (e.g., merger 140), which may be sufficient for
up to 400 (or more) multicore render processes. Howev-
er, it is understood that features described are extenda-
ble to multiple merge processes which could all commu-
nicate to the front-end client, or multiple merge processes
that are arranged in a hierarchy in which multiple merge
processes feed a single merge process that then com-
municates to the front-end client. For example, merge
processes may be arranged in a hierarchy if or when the
load on a single merge process would exceed the capa-
bilities of the network or computational or other resources
of a single computer.

[0072] In environments other than interactive lighting
sessions (e.g., video conferencing or video playback),
whole image data (e.g., data for an entire image) may
need to be sent at every cycle. In such environments,
lossy data compression may be used to reduce band-
width consumption (e.g., in order to fit within a target
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bandwidth). However, such solutions may result in re-
duced image quality. For environments including inter-
active lighting sessions, using lossy data compression
may not be acceptable, e.g., when sending data in its
original (e.g., uncompressed) data precision is preferred
or desired.

[0073] According to various disclosed embodiments,
a more safe and robust lossless data transfer may be
achieved using an autonomous bandwidth adjustment.
Also, a high-quality and robust framework for multi-ma-
chine interactive rendering applications may be provided.
As such, allocated network resources may be consumed
in a manner that provides a best possible session envi-
ronment to the user.

[0074] FIG. 5 illustrates a flowchart of a method 500
of transmitting rendering data of a computer image to a
client terminal via a communication channel according
to at least one embodiment.

[0075] Atblock 502, rendering results of the computer
image are received from at least one computer of a plu-
rality of computers. For example, with reference back to
FIG. 1, rendering results of the computer image are re-
ceived from at least one rendering engine 130.

[0076] At block 504, a partial region of the computer
image is identified based on transmission information.
For example, with reference back to FIG. 3(b), region 6
of the image 300 is identified based on transmission in-
formation.

[0077] According to at least one further embodiment,
the transmission information includes information re-
garding data size of one or more prior transmissions to
the client terminal via the communication channel. Iden-
tifying the partial region includes identifying the partial
region based on the information regarding the data size
of the one or more prior transmissions.

[0078] For example, with reference to FIGs. 3(b) and
4, the transmission information includes information re-
garding data size of one or more prior transmissions at
times t=0, 1, 2, 3, 4 and/or 5. ldentifying the region 6
includes identifying the region 6 based on the information
regarding the data size of the one or more prior trans-
missions.

[0079] According to at least one further embodiment,
the identified partial region includes at least one tile of
the computer image. For example, with reference to
FIGs. 3(a) and 3(b), the identified region 6 includes at
least one tile 302 of the image 300 that is located in the
identified region 6.

[0080] According to at least one further embodiment,
identifying the partial region of the computer image is
further based on a user request to adjust a data size of
an upcoming transmission to the client terminal. For ex-
ample, the partial region may be identified further based
on a request by an artist to adjust an output rate of an
AQV layer being viewed.

[0081] At block 506, a subset of the rendering results
is processed, where the subset corresponds to the iden-
tified partial region of the computer image. For example,
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with reference to FIGs. 1 and 3(b), a subset of the ren-
dering results is processed at merger 140. The subset
corresponds to the identified region 6 of the image 300.
[0082] According to at least one further embodiment,
processing the subset of the rendering results includes
merging the subset of the rendering results. Forexample,
with reference to FIG. 1, processing the subset of the
rendering results includes merging, at the merger 140,
the subset of the rendered results received from at least
one rendering engine 130.

[0083] According to at least one further embodiment,
receiving the rendering results includes receiving first
rendering results and second rendering results, the first
rendering results being for a first AOV layer and the sec-
ond rendering results being for a second AOV layer.
Based on display of the first AOV layer at the client ter-
minal, processing the subset of the rendering results in-
cludes prioritizing the first rendering results over the sec-
ond rendering results.

[0084] Forexample, withreferencetoFIG. 1, rendering
results for a first AOV layer (e.g., color information) and
rendering results for a second AOV layer (e.g., illumina-
tion coming from reflection) are received at the merger
140. Based on the color information being displayed at
the front-end client 110, processing the subset of the ren-
dering results includes prioritizing the rendering results
for the color information over the rendering results for the
illumination coming from reflection.

[0085] At block 508, the processed subset of the ren-
dering results is transmitted at a particular time to the
client terminal via the communication channel. For ex-
ample, with reference to FIGs. 1, 3(b) and 4, the proc-
essed subset corresponding to the region 6 is transmitted
at the time t=6 to the front-end client 110 via a commu-
nication channel between the merger 140 and the front-
end client 110.

[0086] According to at least one further embodiment,
rendering results other than the subset of the rendering
results are not transmitted at the particular time. For ex-
ample, with reference to FIGs. 3(b) and 4, rendering re-
sults other than the subset of the rendering results cor-
responding to region 6 are not transmitted at the partic-
ular time.

[0087] According to at least one further embodiment,
receiving the rendering results (see, e.g., block 502) in-
cludes receiving rendering results corresponding to a
particular change request from a user. The processed
subset of the rendering results is transmitted to the client
terminal in response to receiving the rendering results
corresponding to the particular change request. For ex-
ample, with reference to FIG. 1, the received rendering
results may correspond to a lighting change request in-
itiated by an artist at the front-end client 110. The proc-
essed subset of these rendering results is transmitted to
the front-end client 110 in response to receiving the ren-
dering results corresponding to the lighting change re-
quest.

[0088] According to at least one further embodiment,
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processing the subset of the rendering results includes
processing a subset of the first rendering results and
processing a subset of the second rendering results, the
subset of the first rendering results and the subset of the
second rendering results both corresponding to the iden-
tified partial region of the computer image. Based on dis-
play of the first AOV layer at the client terminal, transmit-
ting the processed subset of the rendering results to the
client terminal includes transmitting the subset of the first
rendering results according to a first frequency and trans-
mitting the subset of the second rendering results ac-
cording to a second frequency that is lesser than the first
frequency.

[0089] For example, processing the subset of the ren-
dering results includes processing a subset of the ren-
dering results for the color information and processing a
subset of the rendering results for the illumination coming
from reflection, where both subsets correspond to the
identified region 6 of the image 300. Based on display of
the color information at the front-end client 110, trans-
mitting the processed subset of the rendering results to
the client includes transmitting the subset of the render-
ing results for the color information according to a first
frequency and transmitting the subset of the subset of
the rendering results for the illumination coming from re-
flection according to a second frequency that is lesser
than the first frequency.

[0090] According to at least one further embodiment,
at block 510, a data size of the processed subset of the
rendering results and the particular time at which the
processed subset of the rendering results is transmitted
are stored.

[0091] For example, with reference to FIGs. 3(b) and
4,adatasize of the processed subset of rendering results
corresponding to region 6 and the time t=6 at which the
processed subset is transmitted are stored.

[0092] Referring now to FIG. 6, a simplified block dia-
gram of a system 800 for creating computer graphics
imagery (CGIl) and computer-aided animation is shown
that may implement or incorporate various embodiments
of the present disclosure. The system 800 may include
one or more terminals 801. The one or more terminals
801 may include hardware and software elements con-
figured for designing CGI and assisting with computer-
aided animation. The terminals 801 may be implemented
as a single computing device or a set of one or more
computing devices, corresponding to computer hard-
ware and/or software.

[0093] Examples of terminals 801 may be desktop
computers, laptop computers, workstation computers,
mainframes, cluster computing systems, cloud comput-
ing terminals, embedded computing devices, computer
graphics devices, gaming devices and consoles, video
media playback devices, consumer electronic devices
having programmable processors, or the like. The one
or more terminals 801 may be utilized at various stages
of a production process, including pre-production, mod-
eling, designing, creating, editing, simulating, animating,
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rendering, post-production, finishing, publishing, and the
like, to produce recordings, computer files, tangible ma-
terials, and the like, related to or comprising images, im-
age sequences, motion pictures, video, audio, or asso-
ciated effects related to CGIl and animation.

[0094] In an example of system 800, a user 802 may
utilize the one or more terminals 801 to design, create,
or modify objects within a computer-generated interface
displayed on display associated with the terminal 801.
[0095] The terminal may implement, include, or other-
wise be in operable communication with, systems and
units including object library 803, object modeling unit
804, object rigging unit 805, object animation unit 806,
object rendering unit 807, and object lighting unit 808.
Object library 803 may include software and/or hardware
elements configured for storing and accessing informa-
tion related to objects to be accessed, requested, re-
trieved, and/or used by the one or more terminals 801 to
design, create, and modify models (e.g., 3D models) of
objects in the CGI and animation processes.

[0096] Object modeling unit 804 may include software
and/or hardware elements and information to be ac-
cessed, requested, retrieved, and/or used by the one or
more terminals 801 to sculpt and design the 3D model
to take on the desired appearance as instructed by user
802, or other terminal operator during the CGI and ani-
mation process.

[0097] Object rigging unit 805 may include software
and/or hardware elements and information to be ac-
cessed, requested, retrieved, and/or used by the one or
more terminals 801 to design, create, or modify compo-
nents of 3D models to define articulation points and
movement ranges of various elements of the 3D model.
[0098] Object animation unit 806 may include software
and/or hardware elements and information to be ac-
cessed, requested, retrieved, and/or used by the one or
more terminals 801 to design, create, or modify animation
aspects of a 3D model, including specifying the motion
and position of various elements of the 3D model over
time during the animation, such as specifying animation
paths, cues, or the like or generating key frames or in-
termediary frames for animated motion of the 3D model.
[0099] Objectrendering unit 807 may include software
and/or hardware elements and information to be ac-
cessed, requested, retrieved, and/or used by the one or
more terminals 801 to design, create, or modify a final
appearance of the animated 3D model, including gener-
ating one or more images of one or more computer-gen-
erated objects, including textures, colors, rigging, con-
trols, and the like.

[0100] Object lighting unit 808 may include software
and/or hardware elements and information to be ac-
cessed, requested, retrieved, and/or used by the one or
more terminals 801 to design, create, or modify lighting
aspects of a 3D model and animated scenes, including
defining lighting sources, shading, reflections, refrac-
tions, textures, colors, and the like.

[0101] The one or more terminals 801 may be in com-
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munication with one or more server computers which
may operatively be in communication with one or more
data stores (e.g., databases, indexes, files, or other data
structures). The one or more server computers may con-
nect to a data communication network comprising a local
area network (LAN), a wide area network (WAN) (e.g.,
the Internet), a telephone network, a satellite or wireless
communication network, or some combination of these
or similar networks.

[0102] Inselected embodiments, the one or more serv-
er computers may implement one or more processes,
systems, or units of the animation system, including ob-
ject library 803, object modeling unit 804, object rigging
unit 805, object animation unit 806, object rendering unit
807, object lighting unit 808, and the like. The one or
more terminals 801, the one or more server computers,
orany other aspect of the system 800, may be associated
or coupled with a display configured to display informa-
tion, including a displayed interface for displaying, per-
forming, executing, instructing, reviewing, and/or select-
ing operations of the present disclosure.

[0103] ReferringtoFIG. 7, anillustration of an example
computer 900 is provided. One or more of aspects of the
system 800 discussed above in FIG. 6, such as the one
or more terminals 801 or the one or more server com-
puters, may be configured as or include such a computer
900. In selected embodiments, the computer 900 may
include a bus 903 (or multiple buses) or other communi-
cation mechanism, a processor 901, main memory 904,
read only memory (ROM) 905, one or more additional
storage devices 906, and/or a communication interface
902, or the like or sub-combinations thereof. The embod-
iments described herein may be implemented within one
or more application specific integrated circuits (ASICs),
digital signal processors (DSPs), digital signal process-
ing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), proc-
essors, controllers, microcontrollers, microprocessors,
other electronic units designed to perform the functions
described herein, or a selective combination thereof. In
all embodiments, the various components described
herein may be implemented as a single component, or
alternatively may be implemented in various separate
components.

[0104] A bus 903 orother communication mechanism,
including multiple such buses or mechanisms, may sup-
port communication of information within the computer
900. The processor 901 may be connected to the bus
903 and process information. In selected embodiments,
the processor 901 may be a specialized or dedicated
microprocessor configured to perform particular tasks in
accordance with the features and aspects disclosed
herein by executing machine-readable software code de-
fining the particular tasks. Main memory 904 (e.g., ran-
dom access memory-or RAM-or other dynamic storage
device) may be connected to the bus 903 and store in-
formation and instructions to be executed by the proces-
sor 901. Main memory 904 may also store temporary
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variables or other intermediate information during exe-
cution of such instructions.

[0105] ROM 905 or some other static storage device
may be connected to a bus 903 and store static informa-
tion and instructions for the processor 901. An additional
storage device 906 (e.g., a magnetic disk, optical disk,
memory card, or the like) may be connected to the bus
903. The main memory 904, ROM 905, and the additional
storage device 906 may include a non-transitory compu-
ter-readable medium holding information, instructions, or
some combination thereof, for example instructions that
when executed by the processor 901, cause the compu-
ter 900 to perform one or more operations of a method
as described herein. A communication interface 902 may
also be connected to the bus 903. A communication in-
terface 902 may provide or support two-way data com-
munication between a computer 900 and one or more
external devices (e.g., other devices contained within the
computing environment).

[0106] In selected embodiments, the computer 900
may be connected (e.g., via a bus) to a display 907. The
display 907 may use any suitable mechanism to commu-
nicate information to a user of a computer 900. For ex-
ample, the display 907 may include or utilize a liquid crys-
tal display (LCD), light emitting diode (LED) display, pro-
jector, or other display device to present information to
a user of the computer 900 in a visual display. One or
more inputdevices 908 (e.g., an alphanumeric keyboard,
mouse, microphone, stylus pen) may be connected to
the bus 903 to communicate information and commands
to the computer 900. In selected embodiments, one input
device 908 may provide or support control over the po-
sitioning of a cursor to allow for selection and execution
of various objects, files, programs, and the like provided
by the computer 900 and displayed by the display 907.
[0107] The computer 900 may be used to transmit, re-
ceive, decode, display, or the like one or more video files.
In selected embodiments, such transmitting, receiving,
decoding, and displaying may be in response to the proc-
essor 901 executing one or more sequences of one or
more instructions contained in main memory 904. Such
instructions may be read into main memory 904 from
another non-transitory computer-readable medium (e.g.,
a storage device).

[0108] Execution of sequences of instructions con-
tained in main memory 904 may cause the processor
901 to perform one or more of the procedures or steps
described herein. In selected embodiments, one or more
processors in a multi-processing arrangement may also
be employed to execute sequences of instructions con-
tained in main memory 904. Alternatively, or in addition
thereto, firmware may be used in place of, or in connec-
tion with, software instructions to implement procedures
or steps in accordance with the features and aspects
disclosed herein. Thus, embodiments in accordance with
the features and aspects disclosed herein may not be
limited to any specific combination of hardware circuitry
and software.
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[0109] Non-transitory computerreadable medium may
refer to any medium that participates in holding instruc-
tions for execution by the processor 901, or that stores
data for processing by a computer, and comprise all com-
puter-readable media, with the sole exception being a
transitory, propagating signal. Such a non-transitory
computer readable medium may include, but is not lim-
ited to, non-volatile media, volatile media, and temporary
storage media (e.g., cache memory). Non-volatile media
may include optical or magnetic disks, such as an addi-
tional storage device. Volatile media may include dynam-
ic memory, such as main memory. Common forms of
non-transitory computer-readable media may include, for
example, a hard disk, a floppy disk, magnetic tape, or
any other magnetic medium, a CD-ROM, DVD, Blu-ray
or other optical medium, RAM, PROM, EPROM, FLASH-
EPROM, any other memory card, chip, or cartridge, or
any other memory medium from which a computer can
read.

[0110] In selected embodiments, a communication in-
terface 902 may provide or support external, two-way
data communication to or via anetwork link. Forexample,
a communication interface 902 may be a wireless net-
work interface controller or a cellular radio providing a
data communication network connection. Alternatively,
a communication interface 902 may comprise a local ar-
ea network (LAN) card providing a data communication
connection to a compatible LAN. In any such embodi-
ment, a communication interface 902 may send and re-
ceive electrical, electromagnetic, or optical signals con-
veying information.

[0111] Anetworklink may provide data communication
through one or more networks to other data devices (e.g.,
one or more terminals 801 as shown in the system 800).
For example, a network link may provide a connection
through a local network of a host computer or to data
equipment operated by an Internet Service Provider
(ISP). An ISP may, in turn, provide data communication
services through the Internet. Accordingly, a computer
900 may send and receive commands, data, or combi-
nations thereof, including program code, through one or
more networks, a network link, and communication inter-
face 902. Thus, the computer 900 may interface or oth-
erwise communicate with a remote server, or some com-
bination thereof.

[0112] The various devices, modules, terminals, and
the like discussed herein may be implemented on a com-
puter by execution of software comprising machine in-
structions read from computer-readable medium, as dis-
cussed above. In certain embodiments, several hard-
ware aspects may be implemented using a single com-
puter, in other embodiments multiple computers, in-
put/output systems and hardware may be used to imple-
ment the system.

[0113] For a software implementation, certain embod-
iments described herein may be implemented with sep-
arate software modules, such as procedures and func-
tions, each of which perform one or more of the functions
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and operations described herein. The software codes
can be implemented with a software application written
in any suitable programming language and may be stored
in memory and executed by a controller or processor.
[0114] The foregoing disclosed embodiments and fea-
tures are merely exemplary and are not to be construed
as limiting the present invention. The present teachings
can be readily applied to other types of apparatuses and
processes. The description of such embodiments is in-
tended to be illustrative, and not to limit the scope of the
claims. Many alternatives, modifications, and variations
will be apparent to those skilled in the art.

Claims

1. A computer-implemented method of transmitting
rendering data of a computer image to a client ter-
minal via a communication channel, the method
comprising:

receiving rendering results of the computer im-
age from at least one computer of a plurality of
computers;

identifying a partial region ofthe computerimage
based on transmission information;

processing a subset of the rendering results, the
subset corresponding to the identified partial re-
gion of the computer image; and

transmitting, at a particular time, the processed
subset of the rendering results to the client ter-
minal via the communication channel.

2. The method of Claim 1, wherein:

the transmission information comprises infor-
mation regarding data size of one or more prior
transmissions to the client terminal via the com-
munication channel; and

identifying the partial region comprises identify-
ing the partial region based on the information
regarding the data size of the one or more prior
transmissions.

3. The method of Claim 1 or Claim 2, wherein the iden-
tified partial region comprises at least one tile of the
computer image.

4. The method according to any previous claim, where-
inidentifying the partial region of the computerimage
is further based on a user request to adjust a data
size of an upcoming transmission to the client termi-
nal.

5. The method according to any previous claim, where-
in processing the subset of the rendering results
comprises merging the subset of the rendering re-
sults.
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The method according to any previous claim, where-
in rendering results other than the subset of the ren-
dering results are not processed, and are not trans-
mitted at the particular time.

The method according to any previous claim , where-
in:

receiving the rendering results comprises re-
ceiving rendering results corresponding to a par-
ticular change request from a user; and

the processed subset of the rendering results is
transmitted to the client terminal in response to
receiving the rendering results corresponding to
the particular change request.

The method according to any previous claim, where-
in:

receiving the rendering results comprises re-
ceiving first rendering results and second ren-
dering results, the first rendering results being
for a first arbitrary output value (AOV) layer and
the second rendering results being for a second
AQV layer; and

based on display of the first AOV layer at the
client terminal, processing the subset of the ren-
dering results comprises prioritizing the first ren-
dering results over the second rendering results.

The method of Claim 8, wherein:

processing the subset of the rendering results
comprises processing a subset of the first ren-
dering results and processing a subset of the
second rendering results, the subset of the first
rendering results and the subset of the second
rendering results both corresponding to the
identified partial region of the computer image;
and

based on display of the first AOV layer at the
client terminal, transmitting the processed sub-
set of the rendering results to the client terminal
comprises transmitting the subset of the firstren-
dering results according to a first frequency and
transmitting the subset of the second rendering
results according to a second frequency that is
lesser than the first frequency.

10. The method of Claim 8 or Claim 9, wherein the data

1.

size output rate of the first and second AOV layers
is configured to be adjustable by the client terminal.

The method according to any previous claim, further
comprising:

storing a data size of the processed subset of the
rendering results and the particular time at which the
processed subset of the rendering results is trans-
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mitted.

The method according to any previous claim, where-
inidentifying the partial region of the computerimage
is further based on a bandwidth limitation of the com-
munication channel.

The method according to Claim 12, where the band-
width limitation of the communications channel is
configured to be autonomously adjusted.

A machine-readable non-transitory medium having
stored thereon machine-executable instructions for
transmitting rendering data of a computer image to
a client terminal via a communication channel, the
instructions comprising:

receiving rendering results of the computer im-
age from at least one computer of a plurality of
computers;

identifying a partial region ofthe computerimage
based on transmission information;

processing a subset of the rendering results, the
subset corresponding to the identified partial re-
gion of the computer image; and

transmitting, at a particular time, the processed
subset of the rendering results to the client ter-
minal via the communication channel.

A computer system for transmitting rendering data
of a computer image to a client terminal via a com-
munication channel, the system comprising one or
more controllers configured to:

receive rendering results of the computer image
from at least one computer of a plurality of com-
puters;

identify a partial region of the computer image
based on transmission information;

process a subset of the rendering results, the
subset corresponding to the identified partial re-
gion of the computer image; and

provide, at a particular time, the processed sub-
set of the rendering results for transmission to
the client terminal via the communication chan-
nel.
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